THE asthmatic attack which fails to respond to adrenaline and aminophylline will, in most cases, settle with treatment which includes high doses of corticosteroids (above 60 mg of prednisolone) and antibiotics. Occasionally, in spite of these measures, remission is delayed, the condition of the patient deteriorates and, when the attack is prolonged, death may occur (Witts, 1936) . Autopsy in such cases reveals a characteristic pathology (Huber & Koessler, 1922) . There with inspissated bronchial secretions and shed mucosal epithelium (Fig. 1) . The lungs are hyperdistended with air and may show areas of collapse. Sections of the lung show that the alveoli are distended but their walls are not thickened or destroyed (Fig. 2) . Fig. 3 demonstrates patchy atelectasis. The objective of early medical treatment should be to prevent the formation of widespread plugging. The mechanism of plug formation is unknown although infection has been cited as a cause of abnormal mucus production (Williams, 1953) , while Houston, de Navasquez & Trounce (1953) patient slips into coma and ultimately dies. This tragic progression of events may be hastened by uncontrolled oxygen therapy (Beale et al., 1951) or sedation (Walton, Penner & Wilt, 1951) . Another feature of this stage of the illness is acute cor pulmonale (Ambiavagar, Jones & Roberts, 1967b ) and a sudden unexpected cardiac arrest may occur (Sieker & Hickam, 1956 Hypoxaemia was corrected but hyperventilation was not produced. n = Number of observations. R = Range. (Fig. 5a ).
Techniques of resuscitation
The patients who presented with coma, shock or cardiac arrest evidently needed immediate resuscitation. The decision on when to commence resuscitative measures in those who did not present with one of these features was largely a matter for clinical judgment and an understanding of the natural history of this condition. This may be aided by arterial blood gas estimations and respiratory pressure-volume loops obtained by a technique which we have described elsewhere (Ambiavagar & Roberts, 1966) . Although a rising Paco2 is always an indication for resuscitation (Bates et al., 1965; Feldman, 1962) , we have found that cardiac arrest may occur despite a normal Paco2. The Paco2 is therefore, in itself, an inadequate criterion.
Early in the series, patients were treated by tracheostomy and mechanical ventilation for periods of between 3 and 6 days. In many cases bronchoscopic aspiration had been performed initially but was found to be of little value in removing the tenacious secretions which are situated beyond the reach of the instrument. This has been beautifully illustrated by Barach et al. (1952) , who were unable to improve an asthmatic with bronchoscopy but produced a remarkable change with an exsufflator which enabled the patient to expectorate bronchial plugs by mechanically producing an artificial cough. Ventilation was difficult to manage in the first few patients we treated because high positive airway pressures produced severe hypotension, while lower pressures were inadequate to overcome the airways obstruction, and alveolar hypoventilation with increasing hypercarbia resulted. Muscle relaxants were used to control the restlessness resulting from the underventilation but did not improve alveolar ventilation. Furthermore, they prevented us from diagnosing a perforated duodenal ulcer in one patient and might have been responsible for 'total bronchospasm' that made IPPV impossible, in another. Increasing experience has shown that relaxants are not required except during bronchial lavage and, for this, we use gallamine.
Tracheostomies were abandoned when it was found that ventilation and bronchial toilet could be performed equally well through an endotracheal tube. Patients were more comfortable with a tracheostomy than with an endotracheal tube but the asthmatic who may require resuscitation more than once in a lifetime presents a different problem from acute short-term surgical disorders such as the crushed chest. Tracheostomies do not heal well in these steroid-treated subjects and the risk of pulmonary infection, which may develop from an infection of the tracheostomy wound, is greater than with an endotracheal tube.
The problem of systemic hypotension during IPPV was resolved by using rapid intravenous fluid therapy (Ambiavagar & Riding, 1966) , while the use of vigorous early bronchial lavage finally established our present technique which is now to be described.
As a first step, an intravenous drip is set up and in the first 4 hr, 3 litres of fluid are transfused to correct dehydration and 'shock'. In most cases the fluid is given as dextrose and saline but if severe hypotension is present 1 litre is given as plasma. A plastic Ryle's tube is passed and the stomach contents are aspirated. If (Ambiavagar & Jones, 1967) . During manual IPPV, respiratory rates, inflation pressures and inspiratory flow rates can be rapidly and finely adjusted by the response of the patient and the feel of the bag. Airway pressures of up to +70 cm and -20 cmH2O are required initially to move tidal volumes of less than 300 ml. Cournand et al. (1948) have shown that inflation pressures of above 20 cm may result in interference with venous return, cardiac output and blood pressure. In the asthmatic patient, however, the high pressures are dissipated in overcoming the airways obstruction and are not transmitted to the mediastinum. Systemic hypotension, when it occurred, was corrected by rapid intravenous fluid replacement. It has been suggested that the use of a negative phase during expiration in obstructive airways disease may result in air trapping with an increase in residual capacity (Jones, MacNamara & Gaensler, 1960) but this was not seen in our patients. Thesizeofthe chest, in fact, diminishedand this change can be demonstrated radiographically (Fig. 5b) .
In setting the ventilator, a tidal volume of 500 ml is initially chosen, quite arbitrarily, and the rate of the ventilator is determined by auscultation of the chest. The rate at which expiratory wheeze ends before the next inspiratory cycle commences is chosen. The patient is then observed for signs of systemic hypotension and a tendency to fight the machine; the latter is to be regarded as a sign of underventilation. Following establishment on the machine, the patient is managed and monitored by specially trained staff who employ routines described elsewhere reliable, easy to understand, required a minimum of readjustment and produced the desired result. There were four deaths in the twenty-six ventilator episodes. All occurred early in the series, before our present technique had been fully established, i.e. before rapid intravenous fluid therapy and bronchial lavage. Cases 2 and 4 became hypotensive and remained cyanosed during IPPV with the Bird and Cyclator, and cardiac arrest occurred within a few hours of the start of resuscitation. Autopsy in each case revealed bronchial plugging and gross overdistension of the lungs. Case 10 died from a perforated duodenal ulcer, the signs of which had been masked by the use of muscle relaxants. Case 12 became severely hypotensive during IPPV with the Cyclator; lower positive pressures were used and under-ventilation occurred. Shortly after an intravenous injection of D-tubocurarine, an urticarial skin eruption appeared and this was followed by a period of 'total bronchospasm' and cardiac arrest. At post-mortem there was widespread plugging of the bronchi, overdistension of the lungs and an acutely dilated right ventricle. The patient had received D-tubocurarine several times during a previous admission and also earlier in the day of his death, without apparent side-effects. It is, however, tempting to postulate that the sudden deterioration was due to histamine release which is known to occur with this drug (Goodman & Gilman, 1965) .
IPPV as a means of resuscitating the desperately ill asthmatic who has failed to improve with medical treatment was first reported by Hugh Jones (1958) and its use has subsequently been acclaimed by other workers (Table 3) . Why is IPPV effective? It rapidly corrects hypoxaemia and, at the same time, reduces the grossly abnormal intrathoracic pressure fluctuations which occur in the asthmatic during spontaneous breathing (Ambiavagaretal., 1967a, b) . Acute hypoxaemia, IPPV has immediate beneficial effects on the circulation which are brought about by mechanical means and which play an important role in sustaining life until such time as the airways obstruction can be relieved by bronchial lavage.
